Twenty patients, aged 21 to 48 years and rated ASA phy~Jslata5 L were studied during ophthalmic surgery. Ten subjects (Group J) received thiopentone, halothane and nitrous oxide in oxygen, and ten (Group IJ) received total intravenous anaesthesia, using flunitrazepam and ketamine. Ventilation was controlled mechanically with the aid of a muscle relaxant. Both anaesthetic techniques caused a significant decrease in intraocular pressure. After an initial decline in systolic arterial pressure and an increase in heart rate, cardiovascular status was well maintained in the two series. Side effects were uncommon with both techniques. Balanced total intravenous anaesthesia with jlunitrazepam, ketamine and relaxant appears to offer a safe alternative to conventional inhalation narcosis for intraocular surgery.
an anaesthetic technique that ensures stable intraocular and haemodynamic conditions. This study compares changes in intraocular pressure induced by total intravenous and inhalation anaesthesia for ophthalmic surgery under standardised conditions. 9 -11 PATIENTS AND METHODS Twenty adult patients aged 21 to 48 years and free of cardiopulmonary disease (rated ASA I), were studied prior to ophthalmic surgery. All patients gave their informed, written consent, following explanation of the purpose, methodology and risks involved in the study. The investigation was approved by the Ethical and Standards Committee of the Board of the Faculty of Medicine, University of Natal.
The average ages in years, of patients in Group I and 11 were 31.7 (SEM 2.3) and 32.8 (SEM 2.1) and their mean body weight in kg 66.7 (SEM 4.0) and 65.5 (SEM 2.4) respectively.
Fourteen patients required enucleation of a traumatised, disorganised eye, five needed operative repair of a lacerated eyelid and one removal of a lesion on the upper eyelid. Surgical procedures were performed on an elective basis with patients in a state of normal hydration.
Premedication comprised morphine 10 to 15 mg given intramuscularly and diazepam 10 mg orally one hour before surgery. Following local analgesic (lignocaine 1070) skin infiltration with the patient in the Trendelenberg position, a 16 Fg intravenous catheter was inserted into the internal jugular vein for central venous pressure (CVP) measurement. With the patient lying supine on the operating table without head down tilt, a topical anaesthetic solution (Benoxinate 0.4070) was instilled into the conjunctival sac. A control intraocular pressure (lOP) reading was taken from the normal eye, using a Perkin's hand held applanation tonometer.12 Baseline measurements of systolic arterial pressure (Riva Rocci method), heart rate (R wave of the ECG complex, Mennen-Greatbatch portoscope) and CVP (water manometer) were recorded simultaneously.
The patients were allocated on a cohort basis to receive one of two general anaesthetic techniques. Group I received thiopentone, 3.5 mg/kg intravenously for induction of anaesthesia. Neuromuscular blockade was produced by intravenous injection of alcuronium 0.25 mg/kg, a non-depolarising muscle relaxant previously shown to have little influence on intra-ocular pressure. 11 Following manual ventilation of the lungs with pure oxygen by mask, and once full muscle relaxation had been established (Dupaco Model 54120 nerve stimulator), the larynx was sprayed with 4070 lignocaine solution (4 ml). The trachea was intubated with a cuffed endotracheal tube. Ventilation was controlled using a Manley ventilator, anaesthesia being maintained with nitrous oxide in oxygen with halothane 0.5070.
Patients in Group 11 received intravenous flunitrazepam 0.03 mg/kg for induction of anaesthesia. The technique used for muscle relaxation, topical spraying of the larynx and the passage of an endotracheal tube was identical to that used for Group I. Ventilation was controlled with a pressure cycled flow generator (BOC-cyclator) delivering oxygen enriched air to the lungs. An intravenous infusion of ketamine (33 /Ag/kg/min) provided analgesia and reflex suppression (Dial-a-flow infusion rate controller). * In both groups, the fractional inspired oxygen concentration was kept constant (F 102 0.4 -Beckman OM 11 02 analyser). End-tidal carbon dioxide (FEC02) was monitored continuously (Beckman LBII infrared C02 analyser) and maintained at approximately 0.05 by adjustment of the patient's minute ventilation and addition of carbon dioxide to the fresh gas supply. Lung inflation pressures were preset to a maximum limit of between 2-2.5 KPa.
Systolic arterial pressure (SAP), CVP, heart rate and lOP, were recorded every five minutes for 40 minutes. The ECG pattern, heart rate, F102 and FEC02 were displayed continuously. The study was then terminated and surgery commenced under the prevailing anaesthetic technique. At the conclusion of the operation, residual nondepolarising neuromuscular blockade was antagonised with neostigmine, 3.75 mg and atropine 1.2 mg, given intravenously. Patients were transferred to the recovery room for further observation. All subjects were interviewed on the day after surgery to determine the incidence of factual recall and unpleasant experiences during surgery and recovery from anaesthesia.
Data accumulated was analysed using Student's paired t-tests for the significant difference between two sample means, computed on a Hewlett Packard 9815A desk top calculator.
RESULTS
Eight males and two females were given conventional inhalational anaesthesia (Group I). Nine men and one woman received total intravenous anaesthesia (Group 11).
The patients' average haemoglobin concentrations in g/ dl were comparable; Group I, 13.4 (SEM 0.6): Group II 14.0 (SE M 0.3). The mean hypnotic induction doses in mg of thiopentone and flunitrazepam given to Groups I and 11 were 339 (SEM 28.0) and 2.0 (SEM 0.08) respectively.
The mean values for systolic arterial pressure, intraocular pressure, heart rate and No serious side effects were encountered with either anaesthetic technique. Two patients receiving ketamine by infusion moved as surgery commenced, necessitating an increase in the ketamine infusion rate and incremental injections of flunitrazepam and alcuronium. Patients given total intravenous anaesthesia awoke shortly after antagonism of the competitive myoneural blockade and within fifteen minutes of stopping the ketamine infusion. Factual recall of events during surgery, disturbing dreams and psychomimetic emergence phenomena were not reported after either anaesthetic.
DISCUSSION
Ketamine has been recommended for poor risk patients because of its cardiovascular effects.'3 Undesirable increases in systolic pressure and heart rate may accompany the use of large intravenous doses of ketamine,'3-'5 but are effectively obtunded by prior administration of a benzodiazepine. '4 ,'5 The haemodynamic changes induced by the total intravenous and inhalation anaesthetic techniques used in this study proved comparable. Perhaps this relates to the use of diazepam for premedication and the effect of flunitrazepam in dampening cardiovascular responses to ketamine.
At the commencement of surgery, two patients in Group I moved, necessitating an increase in the ketamine infusion rate and incremental flunitrazepam and alcuronium injections before the operation could continue. Furthermore, surgery was often accompanied by a rise in systolic pressure and heart rate in Group 11 subjects, suggesting that the fall in systolic pressure noted here with total intravenous anaesthesia may be less pronounced in the surgically stimulated subject. Also, the dosage of ketamine used here may have been inadequate.
Recent pharmacokinetic studies of ketamine given by continuous intravenous infusion with nitrous oxide for hypnosis indicate that a ketamine infusion rate greater than 40 /Ag/kg/min might provide more favourable surgical conditions than 33 /Ag/kg/miny,'6 Ketamine requirements do however, decrease the longer anaesthesia continues. 3 , '4 Incremental doses of flunitrazepam intravenously every 40-60 minutes may also be of benefit. 5, 6 An attempt has been made recently to establish an objective method of determining the infusion rate of ketamine needed to provide amnesia and analgesia during balanced anaesthesia. '6 Pandit and his colleagues have proposed the minimum dose of ketamine required to produce amnesia in 50OJo of patients as a concept equivalent to the MAC value for inhalation anaesthetics. 16 They found that, in a group of volunteers premedicated with diazepam 0.2 mg/kg intravenously, and given a bolus dose of ketamine 1.0 mg/kg, an infusion rate of 17 /Ag/kg/min provided amnesia in 50-60070 of subjects 45 minutes after induction of anaesthesia. Sedation of the volunteers with this technique was marked and analgesia satisfactory even with half the above rate of infusion (8 /Ag/kg/min). On this basis, assuming adequate hypnosis induced and maintained by intravenous flunitrazepam, we would expect most patients receiving intravenous ketamine 33 /Ag/kg/min to be well sedated, analgesic and amnesic. This is in accordance with our previous clinical experience using this technique for major gynaecological surgery.5,6
Al Abrak and Samuel have emphasised the need for standardisation when investigating drug induced changes in intraocular pressure. 9 Duncalf has highlighted the hazards associated with increasing intraocular pressure during anaesthesia,17 stating that the ideal anaesthetic technique for intraocular surgery should moderately reduce or maintain intraocular pressure at near normal levels without fluctuation during operation.
Ketamine has been shown to increase intraocular pressure in both adult and paediatric patients. ,s ,'9 However, neither of the above studies were conducted under the stable conditions needed for this type of investigation. 9 Furthermore, not all patients studied in the one series exhibited an increase in intraocular pressure. IS A more controlled study conducted by Peuler and colleagues in 20 adult subjects, without evidence of ocular or cardiopulmonary disease, showed that ketamine produced no significant changes in intraocular pressure. 19 Our results indicate that intravenous ketamine infusion in conjunction with benzodiazepine premedication and induction, lowers intraocular pressure in an equivalent manner to conventional inhalational anaesthesia,9,IO,2o without significant adverse cardiovascular side effects, postoperative psychomimetic phenomena or delayed recovery from anaesthesia. We conclude, therefore, that the new technique described deserves further study to assess its effects on cardiovascular parameters in older patients undergoing ophthalmic surgery for cataract extraction or other intraocular procedures.
